The purpose of this study was to analyze the diagnostic yield and accuracy of the ultrasound (US) guided core biopsy in a population of patients with osteolytic metastasis. Materials and methods: We performed a retrospective analysis of 16 consecutive cases of US-guided core biopsies of osteolytic lesions performed in our Ultrasound Unit, from January 2006 to May 2017. We used 18G or 16G Tru-cut needles coupled with automated biopsy guns. We procured a maximum number of two tissue specimens per patient. Results: We obtained a diagnostic yield and accuracy of 93.75% (15 of 16 patients) for US-guided core biopsy of osteolytic metastasis. Most of our cases were metastasis of adenocarcinomas (8 patients), squamous cell carcinomas (3 patients) followed by multiple myelomas (2 patients). Other pathologic lesions recorded were undifferentiated carcinoma (1 patient) and mesenchimal undifferentiated tumor (1 patient). The pathologic result was inconclusive in one patient. Conclusions: Our study supports the important diagnostic role of US-guided core biopsy for osteolytic bone metastasis. Two US-guided passages may be sufficient to procure a diagnostic tissue samples from osteolytic bone metastasis, if their length is at least 10 mm.
Introduction
The skeleton is one of the most common organs affected by metastatic cancer [1] [2] [3] . Breast and prostate cancers, followed by lung, thyroid and kidney cancers are the most common primary cancers associated with bone metastasis [3] . All this primary cancers may cause osteolytic lesions, but prostate cancer usually generates osteosclerotic lesions [4] .
Bone biopsy is an essential tool for the diagnosis of neoplastic and infectious skeletal diseases [5, 6] . In cases of malignant diseases, positive diagnosis is required in order to offer the best therapeutic strategy (e.g. resection, chemotherapy, radiotherapy). Percutaneous radiological guided bone biopsy is recognized now as a cost-effective and safe diagnostic procedure [7, 8] . Even though open bone biopsy has an accuracy of 98%, the procedure is also accompanied by complications in about 16% of the cases, including hematoma, infection, or tumor seeding [9] . On the other side, percutaneous computed tomography (CT) or ultrasound (US) guided needle biopsy has a reported diagnostic yield of 69-88% [10] [11] [12] [13] [14] [15] and an accuracy of 74-96% [6, 8, 10, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . It can be performed with aspiration or cutting needles, with some advantages for the latter, concerning the diagnostic yield and accuracy [26, 27] . Other advantages are: lower costs for the percutaneous interventional procedures than for open surgical biopsies and also very low complication rates -of less than 1% [14, 27] .
In experienced hands, US is able to detect or confirm bone enlargement or lytic lesions [28, 29] . Osteolytic lesions can be caused by benign or malignant lesions. Paget disease or giant cell tumor are the most common benign causes, while metastases and multiple myeloma are the most frequent malignancies.
US is still underused in the diagnostic armamentarium of bone diseases and for guiding bone lesions biopsies, even though it is a cheaper, radiation-free and widely available imagistic method. Another advantage of US guidance is the possibility of real time monitoring of the needle during the procedure, providing a good/ perfect control of the procedure. Most of the radiological guided biopsies were performed under CT guidance, even though US can be used in many cases.
Many studies analyzed the role of percutaneous guided biopsy in bone tumors and the operators used most frequently radiological methods [5, 9] . There are only a few studies of US guided biopsy of bone lesions [30] [31] [32] [33] [34] [35] . A larger number of studies reported and analyzed CT and US-guided biopsies of bone together with soft tissue lesions, making the interpretation of the role of US guidance more difficult [27] . There are very few data concerning the use of US guided biopsy for the diagnosis of bone metastasis and the operators performed the procedures mostly with fine needle aspiration [36, 37] .
The purpose of this study was to analyze the diagnostic yield and accuracy of the US-guided bone core biopsy in a population of patients with osteolytic metastasis.
Material and methods
We performed a retrospective analysis of 16 consecutive cases of US-guided biopsies of osteolytic lesions performed in the Ultrasound Unit of the Gastroenterology Department of County Emergency Clinic Hospital, Cluj-Napoca. We included patients during the period January 2006-May 2017. Twelve patients (75%) were males and the age was between 40-80 year old (mean age of 64.7).
Identification of bone lesions was done mostly on skeleton radiographs and CT scans. Eleven of 16 patients with bone metastasis were already diagnosed with various types of cancers or had a suspicion of a primary tumor site. Four were suspected for bone metastasis of unknown origin and presented osteolytic lesions. In two cases we discovered bone lesions with cortex disruption during performing US exam, guided by the local pain and/or tumefaction with recent onset. We performed ultrasound examinations with General Electric Logiq S6 ultrasound device with convex 2-6MHz and linear array 9-13 MHz transducers. After identification, osteolytic lesions were evaluated by US, in order to establish the feasibility of the US guided biopsy.
Patients with metastatic diseases do not have an indication for surgical treatment of the bone lesion. Biopsy tract resection should not be performed in order to avoid tumor seeding, as a preventive strategy [38] .
According to our institutional Ethics Board, ethics approval is not required for retrospective studies. All patients signed informed consents for US-guided bone lesions biopsies at the time of the procedure.
Biopsy procedure All US-guided biopsies were performed by the same consultant (RIC), with an experience of more than 15 years in interventional US. Radiological and US images were reviewed in order to choose the optimal approach. Vascular structures were also identified during US examination with color Doppler modes and avoided during the biopsies. All the procedures were performed on an inpatient basis, using only local anesthesia with lidocaine 1% (6-20 ml depending on the distance between the skin and target lesion). We used two types of biopsy guns: Bard ® Biopty Gun ® -with fixed 23mm penetration depth and Bard ® Magnum ® with optional 15 or 22 mm penetration depth. Biopsies were performed with 18G or 16G Tru-cut needles, with free hand technique under US guidance. We used both convex and linear array transducers for biopsy guiding, depending on the depth and size of the bone lesions. We chose linear array transducer for clavicle tumors and convex array transducer for ribs, vertebrae, and sternal lesions. We performed ribs and clavicle located lesions biopsies in a plane almost parallel to the longitudinal axis of this bones. We also measured the tumor thickness on the anticipated needle tract, in order to avoid undesirable lung or other subjacent organ punctures.
One or two passages were performed until the tissue specimens (1-2 cores) were considered sufficient for histological examination. Rapid on sight evaluation (ROSE) was not available, therefore visual evaluation (length at least 10 mm, solid consistency and whitish aspect) of the specimen by the interventionist was also noted and scored.
All patients underwent post-procedure surveillance on site for at least two hours.
Reference standard for final diagnosis was the histopathological examination.
We calculated the diagnostic yield as the number of biopsies that resulted in a diagnosis divided by the total number of biopsies performed. If the biopsy result confirmed the malignancy and the tumor type, we considered it to be accurate.
Pathological analysis
All tissue samples were analyzed by an experienced oncology pathologist. When considered necessary, the pathologist doctor had the possibility to compare the actual histopathology results with the previous ones, of the primary tumor.
Results
Demographic characteristics, information concerning primary tumor and results of the biopsies of the patients included in our study are presented in table I.
The maximum diameters of the lesions were 3.5-9 cm with an average of 5.2 cm. We used 18G Tru-cut needles in 7 cases and 16 G in 8 cases, and both types in one case.
In 12 cases we procured one core and in 4 cases we procured two cores, according to the visual characteristics of the specimens. If the first specimen was macroscopically unsatisfactory, we made the second biopsy.
Diagnostic yield of the osteolytic lesions biopsy in our series was 93.75%, with an accuracy of 93.75% (15 of 16 cases) if we consider the only one inconclusive result.
There were no complications in our series of patients.
Metastases were recorded mostly in the axial skeleton. Most of the patients had rib lesions -14 cases ( fig  1) , followed by vertebral lesions -8 cases (fig 2) . In four patients we have detected both axial and appendicular skeleton metastasis. In one patient with the final pathological diagnosis of undifferentiated mesenchimal tumor with very aggressive evolution, we detected both appendicular skeleton metastasis -clavicle -which was most accessible for biopsy ( fig 3) and axial metastasis (skull, vertebrae, ribs). The results of the pathological examination are detailed in table I. We encountered also unusual cases of bone metastasis (pancreatic adenocarcinoma, hepatocellular carcinoma) (Table I, cases no. 8, 11) . In three cases (18.75%) metastatic cancer was confirmed, but without identification of a primary site (Table I, cases no. 7, 13, 14) . In a patient with breast cancer diagnosed 7 years before and a sacral lesion suggestive for metastasis, we could not obtain enough metastatic tissue and the pathological result was inconclusive (Table I , case no. 16).
Discussions
It is known that breast, prostate, kidney, and lung cancers cause three out of four cases of bone metastasis [39] . Also in advanced breast and prostate cancers the bone may be the first metastatic site and approximately 70% of the patients dying of this diseases had evidence of bone metastasis at autopsy [3] . Osteolytic lesions are commonly encountered in breast, lung, kidney, ovarian, and pancreatic carcinomas as well as in multiple myelo-ma [40] . A particular clinical situation is the appearance of a bone lesions suspected to be metastasis after more than 5 years after a confirmed cancer or with an occult primary cancer.
Modern imaging modalities can detect and characterize bone lesions and raise the suspicion of metastasis and histological diagnosis is a prerequisite for an optimal treatment. There are many studies concerning image guided musculoskeletal biopsies performed with radiological methods -mostly CT, but only few studies analyzed US-guided biopsies [studies cited by 27] . There is a limited number of studies regarding US-guided bone lesions biopsies. They included usually small populations of patients, some with tumors invading the bones [41] . In this study we excluded the intrathoracic tumors which can invade the bony parts of the thorax.
In our study US percutaneous guided biopsy provided the diagnosis of malignancy in 15 of 16 cases (93.75%), recommending it as a successful alternative to CT guidance, as found by other authors [2] . Moreover, it allowed the confirmation of the cancer type in 15 of 16 patients. In three cases, histopathology results recorded undifferentiated carcinoma, undifferentiated adenocarcinoma, and undifferentiated mesenchimal tumor metastasis, without the identification of a primary tumor (cases no. 7,13,14, Table I ). Those three patients died within 3 to 5 months after the diagnosis, showing a very short survival time as compared to breast or prostate bone metastasis which are associated with median survival of 24 to 40 months [1] . A particular aspect is patient no. 14 with undifferentiated mesenchimal metastasis who had been previously diagnosed with two other cancers -rectal (stage pT2N0Mx, G1) four years before and endometrioid endometrial cancer (stage pT(m)1aNxMx, FIGO 1) one year before we diagnosed this third, very aggressive metastatic malignancy. This case supports the need of confirmation of the pathological type of bone metastasis in situations of multiple primary cancers.
US examination allows the identification of the soft part of a bone lesion. In our study we targeted the extraosseous components of the osteolytic metastasis when it was larger than 5 mm or we biopsied the hypoechoic masses arising from the bones, avoiding the hyperechoic bone fragments included. When the bone lesion is not lytic or is sclerotic, other guiding methods (CT) or open biopsy are preferred.
One of the main issues of percutaneous guided biopsy is the relative small amount of the tissue sample obtained. Sometimes it is insufficient for multiple histopathology and immunohistochemical staining required in cases of primary bone tumors, which can be heterogeneous. Using large caliber needles (14-16G), specialized types of needles (Ostycut®, Bonopty®, etc), and multiple passages can overcome this problem. The medium number of passages or cores recommended to be procured during image-guided bone lesions biopsy is 3 [15, 27] . In recent studies, the operators also obtained only 2 cores with good accuracy for histopathology diagnosis [42] . In our study we used 18 or 16G Tru-cut needles coupled with biopsy guns. We chose to evaluate visually the tissue specimen and procure 1-2 cores, considering bone metastasis less histologically heterogeneous than primary bone tumors. In this setting we achieved a very good diagnostic yield. Other authors found that tissue specimens longer than 10 mm provided 82% diagnostic yield [15] . We used this information when we decided to procure less cores, but of good quality, macroscopically evaluated. In 15 of our 16 cases we procured visually satisfactory specimens, longer than 10 mm, performing only one or two biopsies. If the first specimen was macroscopically unsatisfactory (in 4 cases) we made the second passage, obtaining better specimens (according to our criteria) in another 3 cases. Needle tract seeding was mentioned af-ter core biopsy, mostly in primary bone tumors (i.e. osteosarcoma) [43, 44] but is not a prognostic factor in bone metastasis.
Our study included a relatively small number of patients. We had four types of clinical scenarios with osteolytic lesions in our patients: late onset (more than 5 years) of osteolytic lesions suspected of metastasis after being diagnosed with cancer, unknown or unconfirmed primary cancer, multiple myeloma patients and patients with multiple primary cancers. Even though our case series is restrained, we encountered also bone metastasis secondary to squamous cell cancer of pharynx and larynx origin, pancreatic carcinoma and hepatocellular carcinoma, which are statistically less common. Our series of patients with bone metastasis cannot be compared with studies concerning the prevalence of bone metastasis in certain types of cancers, since these patients are selected from patients referred for a US-guided biopsy. We did not exclude from our study multiple myelomas, even though it is a primary bone tumor, usually multicentric, because its clinical and imagistic behavior was metastatic-like in our cases.
Even though our study goes back in time to year 2006, the majority of biopsies were performed in the last years. In the period January 2015-May 2017 we performed 11 of our 16 biopsies, illustrating the rising need for this kind of diagnostic procedure in the last three years and the availability of a dedicated operator and techniques. Another interesting aspect and limiting factor is the lack of knowledge concerning this medical procedure among medical professionals, which seemed to improve over the time after dissemination of information.
We consider that percutaneous US-guided biopsy of suspected bone metastatic lytic lesions could offer a good alternative for the diagnosis and the management in individual patient's approach. It can avoid CT guided biopsy -with higher costs, ionizing radiation exposure, longer time and other disadvantages, and open biopsywith more complications, higher costs and greater strains on patients. US-guided bone lesions biopsy is a procedure with proven efficacy. Further studies are required, in order to establish the role and the place of US-guided biopsy, in comparison to other modalities used for the same diagnostic purpose, of obtaining a diagnostic specimen in metastatic lytic lesions.
Conclusions
Our study supports the diagnostic role of US-guided bone core biopsy for osteolytic metastasis, competing with the classical methods. Due to its high diagnostic yield and accuracy, we would propose to start the inva-sive diagnostic algorithm of osteolytic lesions, suspected as metastases, with the US-guided biopsy approach. In our experience, the number of the biopsy cores procured might be smaller -respectively two, when the quantity (biopsy specimen of at least 10 mm in length) and the quality of the tissue specimen is macroscopically appropriate.
